This paper indicates a method of judging range condition of grassland areas in the ponderosa pine forest of the Colorado Front Range based on relative herbage production of desirable forage species.
The loop method of Parker (1951) is now widely used in range management. Data obtained by the method include measurements of vegetation (cover index, composition, and vigor) and soils and erosion (bare ground and litter). Vigor is represented by leaf -height measurements of the major forage species. Guides for using these data for estimating range condition and trend in range condition on many plant types have been developed. However, improvement of these range condition guides is desirable.
At Manitou Experimental Forest near Woodland Park, Colorado, six experimental pastures of ponderosa pine (Pinus ponderosa) -bunchgrass range were grazed at different levels from 1942 until 1959. Because a wide range of conditions developed, loop-method data from these pastures were analyzed to determine which measurement would give the best index to range conditions, and what the weightings of each should be.
In 1954, 320 permanent loop transects were measured in the experimental pastures. Herbage yields were obtained by clipping plots adjacent to 26 of these transects located in the grassland type. In 1955, herbage yields and height growth of leaves of moun2BotanicaZ names of plants appear later in a tabulation.
tain muhly2 were obtained on 76 transects adjacent to loopmethod transects in the grassland type. Then, to test the procedure developed from the 1955 data, an entirely new set of 24 transects were measured and related herbage production data taken in 1959. Four transects were measured in the grassland type in each pasture.
Conditions Sampled
The range covered by these studies extends from what is believed to be the best condition obtainable for this area to conditions where desirable plants have been virtually eliminated, and replaced by stands dominated by fringed sagebrush and blue grama (Figure 1 ). Pinebunchgrass ranges can deteriorate further, but such conditions were not available for study. 
Analysis Procedure
The analysis was based on the assumption that high production of herbage by the desirable forage plants is the primary goal of range management. Therefore, a high production by desirable plants was defined as excellent condition and a low production as poor condition.
Cover measurement of desirable plants is a relatively consistent source of data, because most species are long-lived perennial grasses. Cover measurements of these plants differ with range conditions: desirable plants are sparsest on range in poor condition, as defined, and most abundant on range in excellent condition.
Likewise, cover of desirable plants increases or decreases with improvement or deterioration of the range.
Production is related to plant height. Also, Short and Woolfolk (1956)) Johnson (1953)) and others, have shown that plant height growth is related to the intensity of grazing the plants have received over a period of years. On heavily grazed ranges, plants of the same species are shorter than on ranges lightly grazed.
These observations, together with the assumption made regarding the definition of range condition, indicated the possibility of correlating vegetative composition, cover index, and vigor with yield of desirable forage species as a method of classifying range conditions.
None of the measurements related to soils and erosion (bare soil, erosion pavement, litter) were considered in the premise. It was assumed, however, that these measurements also were indirectly related to the ultimate goal of management. Seldom would a range with a high production of desirable forage plants, in relation to maximum production for the site, have appreciable accelerated erosion. If such a condition did occur, it would probably be the result of factors other than those related to grazing by livestock.
The basic objective of the analysis was, therefore, to determine if plant composition, cover index, vigor, litter, and bare soil were individually or collectively related to herbage production of desirable forage plants.
Classification of Vegetation
Important species in the type were grouped into "Desirable," "Intermediate," and "Least Desirable" plants. This grouping was based on a combination of ecological and forage values. For the most part, the desirable group includes those species that are present in the ecological climax, that are of major importance in herbage production, and that are highly palatable to cattle. The intermediate group includes species of lower palatability and lesser abundance that occur in the ecological climax, and species of fair palatability that increase as the desirable group decreases under heavy grazing. 
Analysis of Data
The 1954 data were analyzed to determine the relation of total production of desirable plus intermediate plants to (1) hits on total plant cover, (2) Plant height is related to weather as well as past intensity of grazing. Five years of record at the Manitou Experimental Forest show height growth of mountain muhly to be closely related to rainfall (r = 0.92). Since these data were obtained from three exclosures that had not been grazed since 1939, the plants were assumed to be in maximum vigor, and variations in height represented changes due principally to the amount of rainfall.
Plant height growth cannot be used directly as a measure of range condition due to weather because it varies. This variation in height growth, however, is found in plants of both poor and good vigor. Plants with poor vigor that produce short growth in a year of low rainfall would still be proportionately poor in vigor and produce short growth in a year of high rainfall. This hypothesis has not been field tested but is supported by general observations. The height variable in the regression equation was, therefore, converted to percentage of largest recorded height on the transect measured for the year 1955. This resulted in the regression E = 8.77X1 + 3.61X2 -134.63, where X1 is hits on the desirable plants and X2 is the average height of mountain muhly on the transect expressed as a percentage of the maximum recorded height that year. Height growth ranged from 31 to 100 percent of maximum height growth.
Suggesied Range Condition Classes
If it is true that the production of desirable plants reflects differences in range condition as influenced by the grazing of livestock, then an approach to establishing boundaries for condition classes is to arbitrarily divide production into classes. The number of hits of desirable forage plants and percent of maximum height growth of leaves of mountain muhly that represent these class boundaries can be determined through the use of the established regression. Condition of a transect could be classified by determining the number of hits on desirable forage plants and measuring leaf height as a percentage of the maximum leaf height of protected plants.
The data for 1955 from the Manitou experimental areas have been used as an example of this procedure.
Production ranged from 0 to about 600 pounds per acre. This range in production was divided equally into four condition classes called excellent (450 pounds per acre or more) , JOHNSON AND REID good (300 to 450 pounds), fair have been established to form (150 to 300 pounds), and poor a classification chart as shown (less than 150 pounds per acre).
in Figure 2 , the original levels The calculated production data of herbage production are no from the regression were deterlonger important. mined as shown in Table 1 .
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